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Abstract 
The aim of this paper is to discuss the metrological assurance of production of important large-sized shafts in the process of 
their manufacture as well as the process itself. The paper describes the measurement system developed by the authors that 
contains geometrical parameters of responsible large-sized shafts such as turbine-, rotor- and rolling shafts, as well as methods of 
testing the geometric accuracy of large metalworking machines. 
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1. Introduction 
The metrological assurance implies both the establishment and application of scientific and organizational basis, 
technical equipment, rules and regulations needed to achieve the uniformity and the required accuracy of 
measurement [1]. 
The purpose of the metrological assurance of production in mechanical engineering is to obtain objective 
information on the accuracy of the parameters of manufactured products by measuring the manufactured products as 
well as the state of the manufacturing process itself. 
Measurement and control are an integral part of the manufacturing technology and metrological assurance is a 
part of the production process support. There are extremely high requirements to geometry parameters of the 
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important shafts such as turbine-, rotor-, rolling, and other shafts, particularly the accuracy of form and position of 
their surfaces and the axes (Fig. 1). 
 
 
Fig. 1. Typical requirements to the geometry of large-size rotary parts 
The manufacturing tolerances of these shafts are typically in the range from several micrometers to several tens of 
micrometers. 
The fulfillment of these requirements can be ensured in two main ways: 
x Measurement and control of geometrical parameters of the product in the individual stages of production and 
acceptance; 
x Monitoring of the geometric accuracy of the production machine. 
 
These two aspects of metrological assurance are the subject of this paper. 
2. Measurement and control of the geometric parameters of responsible large-sized shafts 
Measurement and control of such devices are a serious problem associated with the specifics of the measured 
objects, which due to the large mass and dimensions make the use of the classic methods and measuring instruments 
very limited or even impossible. 
However, measurement of almost all geometric parameters, indicated in Fig. 1, is possible by the measurement of 
the radial and axial run-out applying proper methodology and software. The main problem is the realization of the 
exact primary datum - the axis of rotation of the shaft. 
This problem can be solved by the method developed by the authors of measurement of the run-out with respect 
to a virtual reference axis [2]. In the measurement of the shaft, it can be based: 
x in the centers or the faceplate and lunette; 
x directly to a machine tool or in the centers of the corresponding stand; 
x Bearing directly on their shells. 
 
Measurement arrangement is shown in Fig. 2. 
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Fig. 2. Diagram of measuring the deviations from: roundness (EFK), cylindricity (EFZ), axis straightness (EFL), generatrix straightness (EFL), 
flatness (EFE), coaxiality (EPC), parallelism (EPA), perpendicularity (EPR) and radial runout (ECR), total radial runout (ECTR), axial runout 
(ECA), the angle Į of the tapered necks 
Two rings 1 and 2 are mounted to extreme front surfaces of the shaft. The deviations from roundness and flatness 
of one of the rings (the ring 2) are either measured along a given radius in advance or they are negligible. 
These deviations can be measured by the calibration of the rings, e.g. by a roundness measuring machine. 
When rotating the shaft a linear displacement transducer measures the axial and radial runout of a required 
number of points in previously marked cross sections as well as the face surfaces, including of the both rings. 
The measurement results of radial runout are then transferred to a new virtual axis, and the results of the axial 
runout – to a virtual plane perpendicular to the virtual datum axis, though introducing corrections that exclude both 
the erratic axial and radial runout. 
The virtual initial datum is a virtual reference axis, which is defined as a straight line in the coordinate system 
xyz, passing through the centroids of the points of the instantaneous axes of rotation indicated by the cross sections 
of the two rings. 
The radial erratic runout is expressed as the volatility of the distance from the points of the instantaneous axes of 
rotation in the marked cross sections of the rings to their centroids along the direction of the measurement of the 
radial runout. The axial erratic runout is expressed as the volatility of the position of the projection of any fixed point 
of one of the rings to the centroid of the projection of this point on the line of runout measurement. 
The influence of the erratic runout on the measurement result is excluded when using this method, and there is no 
requirement for the base centers precision. 
The measuring system "Maritza" has been developed based on this method. 
The system is designed to measure and control the quality of large-size rotary parts in a production environment 
on all major stages of the process, in the processing of machine tools. 
The measurement system comprises three linear encoders, which are set on the carriage of the production 
machine or on the carriage of the measuring stand, which move parallel to the axis of rotation of the measured shaft, 
as well as one notebook and a printer. 
It is recommended to use modern linear encoders with USB output. 
This measuring system design allows for its quick and easy installation, setup and dismantling: 
x on a lathe during the operational control of the geometric parameters of shafts; 
x on a grinding machine for the finish control of geometrical parameters of workpieces; 
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x on a lathe or grinder during final inspection of geometric parameters of shafts at customer's request; 
x on vertical turning machines in the operational and finish control of the geometric parameters of the workpiece. 
 
The exploitation of "Maritza" system is on Novokramatorsk engineering plant - the city of Kramatorsk, Ukraine 
has confirmed its high metrological and operational capabilities. [3] 
3. Control of the geometric accuracy of machine tools 
Testing the parallelism of the carriage movement relative to the axis of rotation and straightness of this movement 
is one of the main tests of geometric accuracy of machine tools regulated by ISO 230-1: 2012 Test code for machine 
tools - Part 1: Geometric accuracy of machines operating under no load or quasi-static conditions. 
The measurement procedure involves the use of precision reference mandrels mounted in the machine spindle and 
a measuring head mounted on the carriage. The application of these procedures to large-sized machine tools is very 
difficult or almost impossible due to the large distance between the headstock and the tailstock. 
One possible solution to this problem is discussed below. 
 
Measurement of the deviation from parallelism of the carriage movement relative to the spindle axis using the 
"Maritza" system 
The principle of measurement is shown in Fig. 3. 
 
 
Fig. 3. Diagram of measuring the deviations from carriage movement parallelism relative to the spindle axis of rotation 
A finely machined shaft without any special requirements to its deviations from roundness and longitudinal 
section profile is based in the centers of the machine, and its runout is measured in two marked end cross sections 
before, and after the shaft turning at 180 ° (after the reversal sections 1 and 2 swap their positions). 
The diameters of the least squares circles of the two cross sections before and after the shaft reversal at 180° are 
then calculated based on the result of the radial runout measurement  
Radial run-out in the pre-marked sections is defined as the change in the distance to the reference datum – the 
trajectory of a characteristic point of the carriage (to the trajectory of the sensor probe tip). 
The difference between the least square circles of the two sections before and after the reversal of the shaft will be 
equal if there is no deviation from the parallelism of the reference datum relative to the axis of rotation. These 
differences will be different if there is a deviation from the parallelism of the reference datum, and one can estimate 
the deviation from parallelism considering their variance. 
Measurement of deviation from straightness of the machine carriage trajectory 
The schematic diagram of the measurement is show in Fig. 4. 
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Fig. 4. Schematic diagram of the measurement of the deviation from straightness of the machine carriage trajectory 
The same shaft is used as that of the previous test. For the sake of clarity in the figure, it is shown as a cone-
shaped. 
The method of inversion is used (a method of error correction according their sign) so that the measurement of 
one and the same point ensures that the systematic error is included in the calculation algorithm with two different 
signs. 
The tip of the linear sensor is brought into contact with the starting point 1 of the generator D after the shaft is 
based in the machine centers. The indication ܣᇱ of the measuring system display is read (the probe is not shown in 
Fig. 4). The profile generator D from point 1 to point n is measured during the carriage movement, and the 
indications ܣ௜ᇱ for each corresponding point are read including ܣ௡ᇱ  of the last point n. The shaft is turned at 180°, so 
that the generator lies in the same horizontal plane. The sensor is brought into contact with point 1 of the generator, 
and the indication ܣଵ̶  of the system is read. The profile generator D from point 1 to point n is measured during the 
carriage movement, and the indications ܣ௜̶ for each corresponding point are read including ܣ௡̶ . 
The coordinates ܣ௜ of the points of the trajectory of a characteristic point of the carriage are calculated in the 
adopted coordinate system as the halves of the difference between ܣ௜ᇱ and ܣ௜̶. 
The parameters of an associated straight line are calculated in regard to the values ܣ௜ of the trajectory of the 
characteristic point of the carriage (least squares straight line or a straight line connecting the two end points). 
The deviation of the characteristic points of the trajectory relative to the associated line characterizes the 
straightness of the machine carriage movement. 
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4. Conclusion 
The metrological assurance as a part of the production process aims at obtaining objective information not only 
about the accuracy parameters of products at various manufacturing stages, but also about the state of the accuracy 
of the production process itself. 
A major problem in the production of important large-sized rotary workpieces is the fulfillment of this goal. It is 
due to their specific character - a large mass and dimensions, which makes the use of the classic methods and 
measuring instruments very limited or even impossible. This problem is solved successfully by the developed by the 
authors, and the above-described measuring system "Maritza" as well as methods for measuring of the geometric 
accuracy of large-sized machine tools. 
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